CP Violation in the Exclusive Decays B -> pi e^+e^- and B -> rho e^+e^- by Krüger, F. & Sehgal, L. M.
ar
X
iv
:h
ep
-p
h/
97
06
24
7v
2 
 2
2 
Ju
l 1
99
7
PITHA 97/20
hep-ph/9706247
June 1997
CP Violation in the Exclusive Decays
B → pi e+e− and B → ρ e+e−
F. Kru¨ger∗ and L.M. Sehgal†
Institut fu¨r Theoretische Physik (E), RWTH Aachen
D-52056 Aachen, Germany
ABSTRACT
As a sequel to the calculation of the CP -violating asymmetry in the
decay rates of b → d l+l− and b¯ → d¯ l+l−, we address in this paper
the asymmetry in exclusive channels B¯ → π e+e− and B¯ → ρ e+e−,
using form factors from two different models. In the invariant mass re-
gion 1GeV <
√
s < MJ/ψ, the partial width asymmetry in the channel
B¯ → π is −6% (−2%), and that in the channel B¯ → ρ, for one choice
of form factors, is −5% (−2%), assuming CKM parameters η = 0.34,
ρ = 0.3 (−0.3). We also calculate the forward-backward asymmetry
AFB of the e
− in the e+e− centre-of-mass system, and find average
values 〈AFB〉B¯→pi ≡ 0, 〈AFB〉B¯→ρ = −17%, to be compared with the
inclusive result 〈AFB〉b→d = −9%. There is a CP -violating difference
between AFB and the corresponding asymmetry in the antiparticle chan-
nel A¯FB. Formulae are given that are applicable to any FCNC channel
B¯ → Pq(Vq) l+l−, q = s, d, with ml 6= 0, including lepton spin effects.
An approximate procedure is used to incorporate the ρ, ω, and J/ψ
resonances.
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I. MOTIVATION
We have recently calculated the CP -violating difference in the decay rates of the
reactions b → d l+l− and b¯ → d¯ l+l−, expected within the standard model [1]. The
asymmetry in partial widths is directly proportional to Im (VubV
∗
ud)/(VtbV
∗
td), and is
numerically equal to −5% (−2%), assuming Cabibbo-Kobayashi-Maskawa (CKM)
parameters η = 0.34, ρ = 0.3 (−0.3).
In this paper we examine the exclusive channels B¯ → π e+e− and B¯ → ρ e+e−.
Although the branching ratios for individual channels are inevitably small, they
probe different combinations of the Wilson coefficients ceff7 , c
eff
9 , c10 appearing in
the effective Hamiltonian, raising the possibility that the asymmetry might be sub-
stantially larger than in the inclusive reaction b → d l+l−. It may be noted that
identification of the reaction b→ d l+l− in the presence of the much stronger decay
b→ s l+l− will probably necessitate examination of the decay vertex, revealing the
nature of the hadronic final state. In this paper we present results for the simplest
exclusive channels B¯ → π e+e− and B¯ → ρ e+e−. The formalism presented is gen-
eral enough to be applied to any reaction induced by b → (s, d) l+l− (ml 6= 0), for
any flavour-changing neutral current (FCNC) Hamiltonian characterized by
Heff ∼ Gµ l¯γµl +Hµ l¯γµγ5l , (1.1)
where Gµ and Hµ are arbitrary combinations of the currents
f¯γµ(1± γ5)b, and f¯σµνqν(1± γ5)b, f = s, d . (1.2)
II. GENERAL FORMALISM
Assuming an effective Hamiltonian
Heff =
GFα√
2π
VtbV
∗
tq
(
Gµl¯γ
µl +Hµ l¯γ
µγ5l
)
, q = s, d , (2.1)
and summing over vector meson polarizations, the differential cross section for the
2
exclusive decay B¯ → Pq(Vq) l+l− is given by the following formula1
dΓ(B¯ → Pq(Vq) l+l−)
dsˆ dy d cos θ
=
G2FM
5
Bα
2
210π5
|VtbV ∗tq|2 λ1/2(1, sˆ, Mˆ2P,V )
√
1− 4mˆ
2
l
sˆ
δ(1 + sˆ− Mˆ2P,V − y)
∑
s+,s−
×
{
1
2
[
(sˆ− 2mˆ2l )− 2(s− · s+)mˆ2l
]
WˆL+R1 − mˆl(pˆ+ · s− − pˆ− · s+) WˆL−R1 + 2mˆ2l Wˆ+1
+
[
(pˆ− · v)(pˆ+ · v) + 1
2
mˆ2l (s− · s+)− mˆ2l (s− · v)(s+ · v)−
1
4
(sˆ− 2mˆ2l )
]
WˆL+R2
+ mˆl
[
(pˆ− · v)(s+ · v)− (pˆ+ · v)(s− · v) + 1
2
(pˆ+ · s− − pˆ− · s+)
]
WˆL−R2
+
[
(pˆ− · s+)(pˆ+ · v)(s− · v) + (pˆ+ · s−)(pˆ− · v)(s+ · v)− 1
2
(pˆ− · s+)(pˆ+ · s−)
− (pˆ− · v)(pˆ+ · v)(s− · s+) + 1
4
(sˆ− 2mˆ2l )[s− · s+ − 2(s− · v)(s+ · v)]−
1
2
mˆ2l
]
Wˆ+2
− 1
2
iǫµναβ
[
pˆµ−pˆ
ν
+v
α[sβ−(s+ · v) + sβ+(s− · v)] + vµsν−sα+[pˆβ−(pˆ+ · v) + pˆβ+(pˆ− · v)]
]
Wˆ−2
+ mˆl
[
(pˆ− · s+)(pˆ− · v) + (pˆ+ · s−)(pˆ+ · v)− 1
2
sˆ(s− + s+) · v
]
WˆL+R3
+
1
2
[
sˆ(pˆ− − pˆ+) · v + 2mˆ2l [(pˆ+ · s−)(s+ · v)− (pˆ− · s+)(s− · v)]
]
WˆL−R3
+ mˆl
[
(pˆ− · s+)(pˆ+ · v) + (pˆ+ · s−)(pˆ− · v)− 1
2
sˆ(s− + s+) · v
]
Wˆ+3
− mˆliǫµναβ pˆµ−pˆν+vα(s− + s+)β Wˆ−3
− mˆ2l
[
(pˆ− · s+)(pˆ+ · s−)− 1
2
sˆ(1 + s− · s+)
]
(WˆL+R4 − Wˆ+4 )
− mˆ2l
[
(pˆ− · s+)(s− · v) + (pˆ+ · s−)(s+ · v)− 1
2
y(1 + s− · s+)
]
(WˆL+R5 − Wˆ+5 )
+ mˆl
[
(pˆ+ · s−)(pˆ− · v)− (pˆ− · s+)(pˆ+ · v) + 1
2
sˆ(s+ − s−) · v
]
WˆL−R5
− mˆ2l iǫµναβvµsν−sα+qˆβ Wˆ−5
}
. (2.2)
In Eq. (2.2) we introduced variables scaled by the B-meson mass, i.e.
pˆi =
pi
MB
, mˆl =
ml
MB
, MˆP,V =
MP,V
MB
, sˆ ≡ qˆ2 = (pˆ+ + pˆ−)2, vµ ≡ pˆµB , (2.3)
and the triangle function
λ(a, b, c) = a2 + b2 + c2 − 2(ab+ bc + ac) , (2.4)
1We use the convention ǫ0123 = +1.
3
so that
pˆ± · v = 1
4

y ± λ1/2(1, sˆ, Mˆ2P,V )
√
1− 4mˆ
2
l
sˆ
cos θ

 , y = 2v · qˆ , (2.5)
θ being the angle between l− and the outgoing s or d quark in the l+l− centre-of-
mass system. The four-vectors s± and pˆ± denote spins and momenta of the leptons
respectively, and
WˆL±Ri ≡ WˆLLi ± WˆRRi , (2.6a)
Wˆ±i ≡ WˆLRi ± WˆRLi . (2.6b)
The invariant form factors Wˆi = Wˆi(sˆ, y) are defined via
2
WˆLLµν ≡
1
M2B
〈B¯|(G−H)†µ|P (V )〉〈P (V )|(G−H)ν |B¯〉
= −gµνWˆLL1 + vµvνWˆLL2 − iǫµναβvαqˆβWˆLL3 + qˆµqˆνWˆLL4 + (qˆµvν + qˆνvµ)WˆLL5 ,
(2.7)
WˆRRµν = Wˆ
LL
µν (H → −H, WˆLLi → WˆRRi ) , (2.8)
WˆLRµν ≡
1
M2B
〈B¯|(G−H)†µ|P (V )〉〈P (V )|(G+H)ν|B¯〉
= −gµνWˆLR1 + vµvνWˆLR2 − iǫµναβvαqˆβWˆLR3 + qˆµqˆνWˆLR4 + (qˆµvν + qˆνvµ)WˆLR5 ,
(2.9)
WˆRLµν = Wˆ
LR
µν (H → −H, WˆLRi → WˆRLi ) , (2.10)
with
Gµ = c
eff
9 (f¯γµPLb)− 2 ceff7 f¯ iσµν
qν
q2
(mbPR +mfPL) b , (2.11)
Hµ = c10(f¯γµPLb), PL,R = (1∓ γ5)/2, f = s, d , (2.12)
and can be found in Appendices B and C.
2Note that these dimensionless quantities are different for B¯ → P and B¯ → V transitions.
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Using the parameters listed in Appendix A and the analytic expressions for
the Wilson coefficients, including next-to-leading order QCD corrections, given in
Refs. [2–4], we obtain in leading logarithmic approximation
ceff7 = −0.315, c10 = −4.642 , (2.13)
c1 = −0.249, c2 = 1.108, c3 = 1.112× 10−2, c4 = −2.569× 10−2 ,
c5 = 7.404× 10−3, c6 = −3.144× 10−2, c9 = 4.227 , (2.14)
and in next-to-leading approximation
ceff9 = c9 + 0.124 ω(sˆ) + g(mˆc, sˆ) (3c1 + c2 + 3c3 + c4 + 3c5 + c6)
+ λu [g(mˆc, sˆ)− g(mˆu, sˆ)] (3c1 + c2)− 1
2
g(mˆq, sˆ) (c3 + 3c4)
− 1
2
g(mˆb, sˆ) (4c3 + 4c4 + 3c5 + c6) +
2
9
(3c3 + c4 + 3c5 + c6) , (2.15)
with
λu ≡
VubV
∗
uq
VtbV
∗
tq
, q = s, d , (2.16)
and the one-loop function
g(mˆi, sˆ) = −8
9
ln(mi/mb) +
8
27
+
4
9
yi − 2
9
(2 + yi)
√
|1− yi|
×
{
Θ(1− yi)
(
ln
(
1 +
√
1− yi
1−√1− yi
)
− iπ
)
+Θ(yi − 1)2 arctan 1√
yi − 1
}
,(2.17)
where yi = 4mˆ
2
i /sˆ. The function ω(sˆ) in Eq. (2.15) represents the one-gluon cor-
rection to the matrix element of the operator O9 = (e2/16π2)q¯αγµPLbα l¯γµl. In our
discussion of exclusive channels, this correction may be regarded as a contribution
to the form factors, and hence may be omitted (see also Ref. [5]).
As an alternative to the functions g(mˆu, sˆ) and g(mˆc, sˆ) describing the effects of
uu¯ and cc¯ loops, we have also investigated an ansatz in which these functions are
determined by the experimentally measured ratios Rρ,ωhad(sˆ) and R
J/ψ
had (sˆ), as described
in detail in our previous paper [1]. In this way it is possible to incorporate the ρ,
ω and J/ψ, ψ′ etc. resonances into the differential cross section in an approximate
way, consistent with the idea of global duality. The numerical results for the average
5
CP -violating asymmetry 〈ACP 〉 depend very little on which of these representations
we choose for the function g(mˆu,c, sˆ).
If the spins of the leptons are not measured, we have
dΓ
dsˆ dy d cos θ
=
G2FM
5
Bα
2
210π5
|VtbV ∗tq|2 λ1/2(1, sˆ, Mˆ2P,V )
√
1− 4mˆ
2
l
sˆ
δ(1 + sˆ− Mˆ2P,V − y)
×
{
2sˆ
(
1 +
2mˆ2l
sˆ
)
WˆL+R1 +
[
− sˆ+ 1
4
[y2 − λ(1, sˆ, Mˆ2P,V )
(
1− 4mˆ
2
l
sˆ
)
cos2 θ]
]
WˆL+R2
− sˆλ1/2(1, sˆ, Mˆ2P,V )
√
1− 4mˆ
2
l
sˆ
cos θ WˆL−R3
+ 2mˆ2l
[
4(Wˆ+1 − WˆL+R1 ) + (WˆL+R2 − Wˆ+2 ) + sˆ(WˆL+R4 − Wˆ+4 ) + y(WˆL+R5 − Wˆ+5 )
]}
.
(2.18)
From this we may obtain the forward-backward asymmetry of l− in the l+l− centre-
of-mass system
AFB(sˆ) =
1∫
0
dΓ
dsˆ d cos θ
d cos θ −
0∫
−1
dΓ
dsˆ d cos θ
d cos θ
1∫
0
dΓ
dsˆ d cos θ
d cos θ +
0∫
−1
dΓ
dsˆ d cos θ
d cos θ
= −3λ1/2(1, sˆ, Mˆ2P,V )
√
1− 4mˆ
2
l
sˆ
sˆWˆL−R3
ΣP,V
, (2.19)
where
ΣP,V =
[
12sˆWˆL+R1 + λ(1, sˆ, Mˆ
2
P,V )Wˆ
L+R
2
](
1 +
2mˆ2l
sˆ
)
+ 12mˆ2l
[
4(Wˆ+1 − WˆL+R1 )
+ (WˆL+R2 − Wˆ+2 ) + sˆ(WˆL+R4 − Wˆ+4 ) + (1 + sˆ− Mˆ2P,V )(WˆL+R5 − Wˆ+5 )
]
.
(2.20)
Integrating the differential cross section, Eq. (2.18), instead over y and cos θ, we
obtain the l+l− invariant mass spectrum
dΓ
dsˆ
=
G2FM
5
Bα
2
3 · 210π5 |VtbV
∗
tq|2 λ1/2(1, sˆ, Mˆ2P,V )
√
1− 4mˆ
2
l
sˆ
ΣP,V . (2.21)
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Formulae analogous to those given above also apply to the inclusive reaction B¯ →
Xq l
+l−, which, at the level of the parton model, is simulated by the transition
b→ q l+l− (see Appendix E for details).
III. PARTIAL WIDTH ASYMMETRY IN B¯ → pi l+l−
A. Form factors
After these general remarks, we calculate the differential decay rate and CP -
violating asymmetry in the reaction B¯ → π l+l−. The relevant matrix elements
are parametrized using the invariant form factors introduced, e.g., by Colangelo et
al. [6], i.e.
〈π(ppi)|d¯γµPL,Rb|B¯(pB)〉 = 1
2
{
(2pB − q)µF1(q2) + M
2
B −M2pi
q2
qµ
[
F0(q
2)− F1(q2)
]}
,
(3.1)
and
〈π(ppi)|d¯iσµνqνPL,Rb|B¯(pB)〉 = 1
2
[
(2pB − q)µq2 − (M2B −M2pi)qµ
]
FT (q
2)
MB +Mpi
, (3.2)
with q = pB − ppi, and PL,R = (1∓ γ5)/2.
B. Decay rate for B¯ → pi l+l−
Using the general expression Eq. (2.18), along with the form factors Wˆi(sˆ, y),
Eqs. (B3)–(B9), the triple differential decay rate becomes
dΓ(B¯ → π l+l−)
dsˆ dy d cos θ
=
G2FM
5
Bα
2
29π5
|VtbV ∗td|2 λ1/2(1, sˆ, Mˆ2pi)
√
1− 4mˆ
2
l
sˆ
δ(1 + sˆ− Mˆ2pi − y)
×
{(
|ceff9 F1(sˆ)− 2ceff7 F˜T (sˆ)|2 + |c10F1(sˆ)|2
)(
− sˆ+ 1
4
[y2 − λ(1, sˆ, Mˆ2pi) cos2 θ]
+
mˆ2l
sˆ
λ(1, sˆ, Mˆ2pi) cos
2 θ
)
+ 2mˆ2l |c10|2
[
|F1(sˆ)|2(2− y + sˆ
2
) +
1
2
A2(sˆ)|F˜1(sˆ)|2sˆ
+ A(sˆ)(y − sˆ)ReF ∗1 (sˆ)F˜1(sˆ)
]}
, (3.3)
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where
F˜T (sˆ) =
FT (sˆ)
1 + Mˆpi
(mˆb + mˆd) , (3.4)
F˜1(sˆ) = F0(sˆ)− F1(sˆ) , (3.5)
A(sˆ) =
1− Mˆ2pi
sˆ
. (3.6)
Integration of the distribution in Eq. (3.3) over y and cos θ leads to the differential
decay rate in the variable
√
sˆ
dΓ(B¯ → π l+l−)
d
√
sˆ
=
G2FM
5
Bα
2
3 · 28π5 |VtbV
∗
td|2 λ1/2(1, sˆ, Mˆ2pi)
√
sˆ− 4mˆ2l Σpi , (3.7)
where we defined
Σpi =
(
|ceff9 F1(sˆ)− 2ceff7 F˜T (sˆ)|2 + |c10F1(sˆ)|2
)(
1 +
2mˆ2l
sˆ
)
λ(1, sˆ, Mˆ2pi)
+ 12mˆ2l |c10|2I(sˆ) , (3.8)
and
I(sˆ) = |F1(sˆ)|2(1− sˆ
2
+ Mˆ2pi) +
1
2
A2(sˆ)|F˜1(sˆ)|2sˆ+ A(sˆ)(1− Mˆ2pi)ReF ∗1 (sˆ)F˜1(sˆ) .
(3.9)
Eq. (3.7) agrees with Refs. [7, 8], when we set d → s, Mpi → MK , and mˆd = 0 but
mˆl 6= 0, and with Refs. [6, 9] in the case of mˆl = 0. The above form factors are
related to those of Refs. [10, 11] through
F1(q
2) = f+(q
2) , (3.10a)
F0(q
2) = f+(q
2) +
q2
M2B −M2pi
f−(q
2) , (3.10b)
FT (q
2) = −(MB +Mpi)s(q2) . (3.10c)
Using the Wolfenstein representation of the CKM matrix [12], we may write
|VtbV ∗td|2 = A2λ6[(1− ρ)2 + η2] +O(λ8) , (3.11)
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Table I: Branching ratio Br (B¯ → π e+e−) compared to Br (B¯ → Xd e+e−) for
different values of (ρ, η), excluding the region around the J/ψ and ψ′ resonances
(±20 MeV). The labels “COL” and “MEL” denote the form factors of Refs. [6]
and [11] respectively (see footnote 3).
(ρ, η) Br (B¯ → π e+e−) Br (B¯ → Xd e+e−)
(0.3, 0.34)
MEL 1.5× 10−8
COL 0.9× 10−8
2.7× 10−7
(−0.07, 0.34) MEL 3.1× 10
−8
COL 1.9× 10−8
5.5× 10−7
(−0.3, 0.34) MEL 4.4× 10
−8
COL 2.7× 10−8
7.9× 10−7
with four real parameters λ ≡ sin θC, A, ρ, and η, where η is a measure of CP
violation in the standard model. Our results for the differential decay rate versus
√
sˆ
are shown in Fig. 1 for typical values of (ρ, η), whereas the results for the branching
ratio compared to the inclusive decay B¯ → Xd e+e− [1] are displayed in Table I.3
C. CP-violating asymmetry
The CP -violating partial width asymmetry between B and B¯ decay is defined
as follows
ACP (
√
sˆ) =
dΓ/d
√
sˆ− dΓ¯/d√sˆ
dΓ/d
√
sˆ+ dΓ¯/d
√
sˆ
, (3.12)
where
dΓ
d
√
sˆ
≡ dΓ(B¯ → π l
+l−)
d
√
sˆ
,
dΓ¯
d
√
sˆ
≡ dΓ(B → π¯ l
+l−)
d
√
sˆ
, (3.13)
and we obtain
ACP(
√
sˆ) =
−2Imλu∆pi
Σpi + 2Imλu∆pi
(
1 +
2mˆ2l
sˆ
)
λ(1, sˆ, Mˆ2pi)
3In our numerical calculations, we have used the form factors of Colangelo et al. [6], choosing
the mass parameter in F1(q
2) and FT (q
2) to be MP = 5.3 GeV. We also considered the alternative
model of Melikhov and Nikitin [11], with B¯ → π and B¯ → ρ form factors specified in “Set 2”.
9
≈ −2Imλu∆pi
Σpi
(
1 +
2mˆ2l
sˆ
)
λ(1, sˆ, Mˆ2pi)
=
2η
[(1− ρ)2 + η2]
∆pi
Σpi
(
1 +
2mˆ2l
sˆ
)
λ(1, sˆ, Mˆ2pi) , (3.14)
with
λu ≡ VubV
∗
ud
VtbV
∗
td
=
ρ(1− ρ)− η2
(1− ρ)2 + η2 − i
η
(1− ρ)2 + η2 +O(λ
2) , (3.15)
∆pi = Im ξ
∗
1ξ2|F1(sˆ)|2 − 2ceff7 Im ξ2F ∗T (sˆ)F1(sˆ)
mˆb + mˆd
1 + Mˆpi
, (3.16)
ceff9 ≡ ξ1 + λuξ2 , (3.17)
and Σpi defined in Eq. (3.8). In Table II we give the numerical values we have
obtained for the average CP -violating asymmetry, along with the branching ratio,
for a certain region of
√
s, and show in Fig. 2 ACP for the two form factor models
previously mentioned, as a function of
√
sˆ. It should be noted that the asymmetry
is essentially independent of the parametrization of form factors, as illustrated in
Table II.
Table II: Branching ratio Br (B¯ → π e+e−) and average CP -violating asymmetry
〈ACP〉 for different values of (ρ, η) in the region 1GeV <
√
s < (MJ/ψ − 20MeV).
The labels “COL” and “MEL” denote the form factors of Refs. [6] and [11] respec-
tively (see footnote 3).
(ρ, η) Br (B¯ → π e+e−) 〈ACP 〉
MEL 0.8× 10−8 −6.0× 10−2
(0.3, 0.34)
COL 0.5× 10−8 −6.0× 10−2
MEL 1.6× 10−8 −3.1× 10−2
(−0.07, 0.34)
COL 1.1× 10−8 −3.1× 10−2
MEL 2.2× 10−8 −2.2× 10−2
(−0.3, 0.34)
COL 1.5× 10−8 −2.2× 10−2
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IV. PARTIAL WIDTH ASYMMETRY IN B¯ → ρ l+l−
A. Form factors
The form factors for this process are defined as follows (ǫ0123 = +1):
〈ρ(pρ)|d¯γµPLb|B¯(pB)〉 = iǫµναβǫν∗pαBqβ
V (q2)
MB +Mρ
− 1
2
{
ǫ∗µ(MB +Mρ)A1(q
2)
− (ǫ∗ · q)(2pB − q)µ A2(q
2)
MB +Mρ
− 2Mρ
q2
(ǫ∗ · q)[A3(q2)− A0(q2)]qµ
}
, (4.1)
where A3 can be written in terms of A1 and A2, i.e.
A3(q
2) =
MB +Mρ
2Mρ
A1(q
2)− MB −Mρ
2Mρ
A2(q
2) , (4.2)
and
〈ρ(pρ)|d¯iσµνqνPR,Lb|B¯(pB)〉 = −2iǫµναβǫν∗pαBqβT1(q2)±
[
ǫ∗µ(M
2
B −M2ρ )
− (ǫ∗ · q)(2pB − q)µ
]
T2(q
2)± (ǫ∗ · q)
[
qµ − q
2
M2B −M2ρ
(2pB − q)µ
]
T3(q
2) , (4.3)
ǫµ being the ρ polarization vector, and q = pB − pρ.
B. Decay rate for B¯ → ρ l+l−
Inserting the form factors Wˆi(sˆ, y), provided in Appendix C, into Eq. (2.18), we
get
dΓ(B¯ → ρ l+l−)
dsˆ dy d cos θ
=
G2FM
5
Bα
2
210π5
|VtbV ∗td|2 λ1/2(1, sˆ, Mˆ2ρ )
√
1− 4mˆ
2
l
sˆ
δ(1 + sˆ− Mˆ2ρ − y)
×
{
A(sˆ, y) + B(sˆ, y) cos θ + C(sˆ, y) cos2 θ
}
, (4.4)
where the functions A, B, and C are defined as
A(sˆ, y) = sˆ
(
1 +
2mˆ2l
sˆ
)[
(y2 − 4sˆ)α1(sˆ) + (1 + Mˆρ)2α2(sˆ)
]
− 1
4
(y2 − 4sˆ)
{
2sˆα1(sˆ)
− (1 + Mˆρ)
2
2Mˆ2ρ
α2(sˆ) +
2
(1 + Mˆρ)2
[
1− (2− y)
2
4Mˆ2ρ
]
α3(sˆ)− 2
[
1− (2− y)
2Mˆ2ρ
]
Reα4(sˆ)
}
+ 2mˆ2l |c10|2
{
− 2(y2 − 4sˆ) |V (sˆ)|
2
(1 + Mˆρ)2
− 3(1 + Mˆρ)2|A1(sˆ)|2
+
[
2(1 + Mˆ2ρ )− sˆ
][
(2− y)2 − 4Mˆ2ρ
] |A2(sˆ)|2
4Mˆ2ρ (1 + Mˆρ)
2
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+
[
(2− y)2 − 4Mˆ2ρ
] |A3(sˆ)−A0(sˆ)|2
sˆ
+
[
3− sˆ+ Mˆ2ρ +
(2− y)
2Mˆ2ρ
(sˆ− 1− 3Mˆ2ρ )
]
ReA1(sˆ)A
∗
2(sˆ)
+
(1− Mˆρ)
sˆMˆρ
[
(2− y)2 − 4Mˆ2ρ
]
ReA2(sˆ)[A
∗
3(sˆ)− A∗0(sˆ)]
+
(1 + Mˆρ)
sˆMˆρ
[
2(1 + sˆ− Mˆ2ρ )Mˆ2ρ − (2− y)(1− sˆ− Mˆ2ρ )
]
ReA1(sˆ)[A
∗
3(sˆ)− A∗0(sˆ)]
}
,
(4.5)
B(sˆ, y) = 4sˆλ1/2(1, sˆ, Mˆ2ρ )
√
1− 4mˆ
2
l
sˆ
Re c10
{
A∗1(sˆ)V (sˆ)Re c
eff
9
+
2ceff7
sˆ
[
T ∗2 (sˆ)V (sˆ)(1− Mˆρ)(mˆb − mˆd) + A∗1(sˆ)T1(sˆ)(1 + Mˆρ)(mˆb + mˆd)
]}
,
(4.6)
C(sˆ, y) = −1
4
λ(1, sˆ, Mˆ2ρ )
(
1− 4mˆ
2
l
sˆ
){
− 2sˆα1(sˆ) + (1 + Mˆρ)
2
2Mˆ2ρ
α2(sˆ)
− 2
(1 + Mˆρ)2
[
1− (2− y)
2
4Mˆ2ρ
]
α3(sˆ) + 2
[
1− (2− y)
2Mˆ2ρ
]
Reα4(sˆ)
}
. (4.7)
The integration over y may be carried out by noting that
∫
dy f1,2(sˆ, y)δ(1 + sˆ− Mˆ2ρ − y) = λ(1, sˆ, Mˆ2ρ ) , (4.8)
with f1 = y
2 − 4sˆ and f2 = (2 − y)2 − 4Mˆ2ρ . The functions αi(sˆ), i = 1, . . . , 4, are
given in Appendix D.
The form factors defined in Eqs. (4.1)–(4.3) can be related to those of Ref. [11]
via
V (q2) = (MB +Mρ)g(q
2) , (4.9a)
A1(q
2) =
f(q2)
MB +Mρ
, (4.9b)
A2(q
2) = −(MB +Mρ)a+(q2) , (4.9c)
A3(q
2) =
f(q2) + (M2B −M2ρ )a+(q2)
2Mρ
, (4.9d)
A0(q
2) =
q2a−(q
2) + f(q2) + (M2B −M2ρ )a+(q2)
2Mρ
, (4.9e)
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T1(q
2) = −1
2
g+(q
2) , (4.9f)
T2(q
2) = −1
2
[
g+(q
2) +
q2g−(q
2)
M2B −M2ρ
]
, (4.9g)
T3(q
2) =
1
2
[
g−(q
2)− (M
2
B −M2ρ )h(q2)
2
]
. (4.9h)
From Eq. (4.4) we obtain the differential decay rate in the variable
√
sˆ, by inte-
grating over y and cos θ
dΓ(B¯ → ρ l+l−)
d
√
sˆ
=
G2FM
5
Bα
2
3 · 29π5 |VtbV
∗
td|2 λ1/2(1, sˆ, Mˆ2ρ )
√
sˆ− 4mˆ2l Σρ , (4.10)
with
Σρ =
{
4sˆα1(sˆ) +
(1 + Mˆρ)
2
λ(1, sˆ, Mˆ2ρ )
[
6sˆ+
λ(1, sˆ, Mˆ2ρ )
2Mˆ2ρ
]
α2(sˆ) +
λ(1, sˆ, Mˆ2ρ )
2Mˆ2ρ (1 + Mˆρ)
2
α3(sˆ)
− (1− sˆ− Mˆ
2
ρ )
Mˆ2ρ
Reα4(sˆ)
}(
1 +
2mˆ2l
sˆ
)
λ(1, sˆ, Mˆ2ρ ) + 12mˆ
2
l |c10|2α5(sˆ) , (4.11)
where α5(sˆ) can be found in Appendix D. The expression for the differential decay
rate, Eq. (4.10), agrees with the result found by Geng and Kao [7] for mˆd = 0 but
mˆl 6= 0, and with Greub et al. [9] in case of massless leptons, with the replacements
d → s, and Mρ → MK∗ (see also Refs. [6, 13]). In Fig. 3, we plot the differential
branching ratio as a function of
√
sˆ. Our results for the branching ratio for various
values of ρ and η in the experimentally allowed domain, compared to the results for
the inclusive decay B¯ → Xd e+e− [1], are summarized in Table III.
C. CP-violating asymmetry
The CP -odd observable ACP , calculated in the channel B¯ → ρ l+l−, is given by
ACP(
√
sˆ) =
−2Imλu∆ρ
Σρ + 2Imλu∆ρ
(
1 +
2mˆ2l
sˆ
)
λ(1, sˆ, Mˆ2ρ ) , (4.12)
with Σρ defined in Eq. (4.11), and
∆ρ = Im ξ
∗
1ξ2
{
4sˆ
|V (sˆ)|2
(1 + Mˆρ)2
+
(1 + Mˆρ)
2
λ(1, sˆ, Mˆ2ρ )
[
6sˆ+
λ(1, sˆ, Mˆ2ρ )
2Mˆ2ρ
]
|A1(sˆ)|2
+
λ(1, sˆ, Mˆ2ρ )
2Mˆ2ρ (1 + Mˆρ)
2
|A2(sˆ)|2 −
(1− sˆ− Mˆ2ρ )
Mˆ2ρ
ReA1(sˆ)A
∗
2(sˆ)
}
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Table III: Branching ratio Br (B¯ → ρ e+e−) compared to Br (B¯ → Xd e+e−) for
different values of (ρ, η), excluding the region around the J/ψ and ψ′ resonances
(±20 MeV). The labels “COL” and “MEL” denote the form factors of Refs. [6]
and [11] respectively (see footnote 3).
(ρ, η) Br (B¯ → ρ e+e−) Br (B¯ → Xd e+e−)
(0.3, 0.34)
MEL 2.4× 10−8
COL 4.1× 10−8
2.7× 10−7
(−0.07, 0.34) MEL 5.0× 10
−8
COL 8.6× 10−8
5.5× 10−7
(−0.3, 0.34) MEL 7.1× 10
−8
COL 1.2× 10−7
7.9× 10−7
+
2ceff7
sˆ
Im ξ2
{
8T ∗1 (sˆ)V (sˆ)
sˆ(mˆb + mˆd)
1 + Mˆρ
+ (1− Mˆρ)(mˆb − mˆd)
(
2A1(sˆ)T
∗
2 (sˆ)
(1 + Mˆρ)
2
λ(1, sˆ, Mˆ2ρ )
[
6sˆ+
λ(1, sˆ, Mˆ2ρ )
2Mˆ2ρ
]
+
ξ∗2
ξ2
A∗2(sˆ)T2(sˆ)
(1− sˆ− Mˆ2ρ )
Mˆ2ρ
)
+
[
A2(sˆ)λ(1, sˆ, Mˆ
2
ρ )−A1(sˆ)(1− sˆ− Mˆ2ρ )(1 + Mˆρ)2
]
×
[
T ∗2 (sˆ) +
sˆ
1− Mˆ2ρ
T ∗3 (sˆ)
]
mˆb − mˆd
Mˆ2ρ (1 + Mˆρ)
}
. (4.13)
As seen from Fig. 4 and Table IV, the result for the asymmetry ACP in B¯ → ρ e+e−
differs considerably between the models of Refs. [6] and [11]. This difference can
be traced to the very different behaviour of the form factor T3(q
2) in these models,
especially the difference in sign (see Table 1 of [14]). The model of Stech [15] has
a prediction for T3(q
2) qualitatively similar to that of [11]. It may also be noted
that the inclusive asymmetry in the reaction B¯ → Xd e+e−, calculated in [1], and
reproduced in Fig. 5, has a resemblance to the exclusive asymmetry in B¯ → ρ e+e−
shown in Fig. 4(b).
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Table IV: Branching ratio Br (B¯ → ρ e+e−) and average CP -violating asymmetry
〈ACP〉 for different values of (ρ, η) in the region 1GeV <
√
s < (MJ/ψ − 20MeV).
The labels “COL” and “MEL” denote the form factors of Refs. [6] and [11] respec-
tively (see footnote 3).
(ρ, η) Br (B¯ → ρ e+e−) 〈ACP 〉
MEL 0.9× 10−8 −5.4× 10−2
(0.3, 0.34)
COL 1.3× 10−8 ≈ 0
MEL 1.7× 10−8 −2.8× 10−2
(−0.07, 0.34)
COL 2.6× 10−8 ≈ 0
MEL 2.4× 10−8 −2.0× 10−2
(−0.3, 0.34)
COL 3.7× 10−8 ≈ 0
V. CP VIOLATION AND FORWARD-BACKWARD ASYMMETRY
In the decay B¯ → π l+l− the forward-backward asymmetry vanishes, since
WˆL−R3 = 0 [cf. Eq. (2.19)], whereas for the B¯ → ρ transition we find
AFB(sˆ) = 12λ
1/2(1, sˆ, Mˆ2ρ )
√
1− 4mˆ
2
l
sˆ
Re c10
Σρ
{
sˆA∗1(sˆ)V (sˆ)Re c
eff
9
+ 2ceff7
[
T ∗2 (sˆ)V (sˆ)(1− Mˆρ)(mˆb − mˆd) + A∗1(sˆ)T1(sˆ)(1 + Mˆρ)(mˆb + mˆd)
]}
,
(5.1)
with Σρ defined in Eq. (4.11). Neglecting mˆl and mˆd in the above expression, we
confirm the result of Ref. [6]. Our results for AFB in the B¯ → ρ channel are shown
in Fig. 6, using the above-mentioned form factors. In addition, we plot in Fig. 7 the
forward-backward asymmetry of the corresponding inclusive decay B¯ → Xd e+e−
by using the result derived in Ref. [16] for the b → s analogue. Evaluation of the
average forward-backward asymmetry in the exclusive and inclusive channels results
in average values 〈AFB〉B¯→pi ≡ 0, 〈AFB〉B¯→ρ = −17%, and 〈AFB〉b→d = −9%, where
we have excluded the region around the J/ψ and ψ′ resonances (±20 MeV). The
numerical value for 〈AFB〉B¯→ρ differs very little between models [6] and [11].
Finally, we examine the CP -violating difference between AFB and the corre-
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sponding forward-backward asymmetry A¯FB in the antiparticle channel. The latter
may be obtained by the replacement [see Eq. (2.15)]
ceff9 (λu) −−→ c¯eff9 = ceff9 (λu → λ∗u) (5.2)
in Eqs. (4.11) and (5.1), which leads to
δFB ≡ AFB − A¯FB
=
η
[(1− ρ)2 + η2]
24c10
Σρ(Σρ + 4Imλu∆ρ)
λ1/2(1, sˆ, Mˆ2ρ )
√
1− 4mˆ
2
l
sˆ
× Re
{
sˆA∗1(sˆ)V (sˆ)ΣρIm ξ2 − 2∆ρ
{
sˆA∗1(sˆ)V (sˆ)Re c
eff
9
+ 2ceff7
[
T ∗2 (sˆ)V (sˆ)(1− Mˆρ)(mˆb − mˆd) + A∗1(sˆ)T1(sˆ)(1 + Mˆρ)(mˆb + mˆd)
]}}
,
(5.3)
where λu, ξ2, Σρ, and ∆ρ are given in Eqs. (3.15), (3.17), (4.11), and (4.13) respec-
tively. In Fig. 8, we plot the resulting difference in the forward-backward asymme-
tries for two sets of the Wolfenstein parameters ρ and η, with (ρ, η) = (−0.07, 0.2),
and (ρ, η) = (−0.07, 0.5).
VI. CONCLUSIONS
Flavour-changing neutral currents are a touchstone for weak interaction theo-
ries that make quantitative predictions for higher order effects (see, for example,
Ref. [17]). In the case of the decays b→ q l+l− (q = s, d), the standard theory pre-
dicts a remarkable effective Hamiltonian, containing three coupling constants ceff7 ,
ceff9 and c10 that are determined by the mass of the top quark. While the first of these
is probed in the decay b → sγ, the decays b → q l+l− involve the magnitudes and
relative signs of all three couplings. The reaction b→ d l+l− has the added piquancy
of containing a large CP -violating phase, given by the argument of VubV
∗
ud/VtbV
∗
td.
In this paper, we have focussed on the CP -violating effects to be expected in the
channels B¯ → π e+e− and B¯ → ρ e+e−. Our results for the partial width asymmetry
ACP are summarized in Tables II and IV, and in Figs. 2 and 4.
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We have also calculated the forward-backward asymmetry AFB in the channel
B¯ → ρ (≈ −17%), and the CP -violating difference δFB ≡ AFB − A¯FB between the
meson and antimeson channels. This result is shown in Fig. 8. Together with our
previous analysis of the inclusive decay B¯ → Xd l+l− [1], the present paper provides
a complete profile of CP violation in the sector b → d l+l− of the standard model.
Our formalism is general enough to be applied to all reactions of the type b→ q l+l−
(q = s, d) induced by any effective Hamiltonian of the form (1.1)–(1.2).
Taking into account the typical branching ratio (∼ 2×10−8) and the typical CP -
violating asymmetry (∼ −5%), observation of CP violation in the exclusive channels
B¯ → π e+e− or B¯ → ρ e+e− will necessitate ∼ 1010–1011 BB¯ pairs, a challenging
task that can only be contemplated at future hadron colliders. By the same token,
an unexpectedley large asymmetry for these reactions would be a signal of new
physics in the b → d e+e− sector, and a pointer to the existence of CP -violating
sources outside the CKM matrix.
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APPENDIX A: INPUT PARAMETERS
mb = 4.8 GeV, mc = 1.4 GeV, mt = 176 GeV, mu = md = 10 MeV ,
MB = 5.27 GeV, Mpi = 0.139 GeV, Mρ = 0.768 GeV, Mω = 0.782 GeV ,
MW = 80.2 GeV, µ = mb, sin
2θW = 0.23, ΛQCD = 225 MeV, α = 1/129 ,
A = 0.81, λ = 0.2205, τB = 1.6× 10−12 s, me = 0.511 MeV . (A1)
Further properties of the vector mesons can be found in Ref. [18].
17
APPENDIX B: B¯ → pi l+l− FORM FACTORS
Introducing the functions D1 and D2 via
D1 = ceff9 F1(sˆ)− 2ceff7 F˜T (sˆ)− c10F1(sˆ) , (B1)
and
D2 = ceff9 F˜1(sˆ) + 2ceff7 F˜T (sˆ)− c10F˜1(sˆ) , (B2)
where F1(sˆ), F˜T (sˆ), and F˜1(sˆ) are defined through Eqs. (3.1), (3.2), (3.4), and (3.5),
we obtain the following expressions for the form factors in B¯ → π l+l−
WˆLL1 = 0 , (B3)
WˆLL2 = |D1|2 , (B4)
WˆLL3 = 0 , (B5)
WˆLL4 =
1
4
[
|D1|2 + A2(sˆ)|D2|2 − 2A(sˆ)Re (D∗1D2)
]
, (B6)
WˆLL5 =
1
2
[
A(sˆ)Re (D∗1D2)− |D1|2
]
, (B7)
WˆRRi = Wˆ
LL
i
(
c10 → −c10
)
, i = 1, . . . , 5 , (B8)
and, with the definition WˆL±Ri ≡ WˆLLi ± WˆRRi , Eq. (2.6a), the relations
Wˆ+i = Wˆ
L+R
i
(
|c10|2 → −|c10|2
)
, Wˆ−i = Wˆ
L−R
i
(
ceff7 = 0,Re c
eff
9 → iIm ceff9
)
. (B9)
The form factors WˆLLi can be related to the ones found in Ref. [19] for the semilep-
tonic decay B¯ → D lνl, setting
ceff7 = 0, c
eff
9 = −c10 =
1
2
(B10)
in Eqs. (B1) and (B2), and using Eqs. (3.5), (3.6), (3.10a), (3.10b).
APPENDIX C: B¯ → ρ l+l− FORM FACTORS
In calculating the form factors Wˆi(sˆ, y) for the decay B¯ → ρ l+l− it is useful to
introduce the notation
D3 = I1(sˆ)− c10 V (sˆ)
1 + Mˆρ
, (C1)
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D4 = 1
2
(1 + Mˆρ)
[
I2(sˆ)− c10A1(sˆ)
]
, (C2)
D5 = − 1
2(1 + Mˆρ)
[
I3(sˆ)− c10A2(sˆ)
]
, (C3)
D6 = −1
sˆ
{
I4(sˆ)− c10[A3(sˆ)− A0(sˆ)]Mˆρ
}
, (C4)
with
I1(sˆ) = c
eff
9
V (sˆ)
1 + Mˆρ
+
4ceff7
sˆ
T1(sˆ)(mˆb + mˆd) , (C5)
I2(sˆ) = c
eff
9 A1(sˆ) +
4ceff7
sˆ
(1− Mˆρ)T2(sˆ)(mˆb − mˆd) , (C6)
I3(sˆ) = c
eff
9 A2(sˆ) +
4ceff7
sˆ
[
(1 + Mˆρ)T2(sˆ) +
sˆ
1− Mˆρ
T3(sˆ)
]
(mˆb − mˆd) , (C7)
I4(sˆ) = c
eff
9 [A3(sˆ)−A0(sˆ)]Mˆρ − 2ceff7 T3(sˆ)(mˆb − mˆd) , (C8)
so that
WˆLL1 =
1
4
|D3|2(y2 − 4sˆ) + |D4|2 , (C9)
WˆLL2 = −|D3|2sˆ− 4|D5|2
[
1− (2− y)
2
4Mˆ2ρ
]
+
|D4|2
Mˆ2ρ
− 4Re (D4D∗5)
(
1− 2− y
2Mˆ2ρ
)
, (C10)
WˆLL3 = 2Re (D∗3D4) , (C11)
WˆLL4 = − |D3|2 −
[
|D5|2 + |D6|2 − 2Re (D5D∗6)
][
1− (2− y)
2
4Mˆ2ρ
]
+
|D4|2
Mˆ2ρ
+ ReD4(D∗5 −D∗6)
(2− y)
Mˆ2ρ
, (C12)
WˆLL5 =
1
2
y|D3|2 + 2
[
|D5|2 − Re (D5D∗6)
][
1− (2− y)
2
4Mˆ2ρ
]
− |D4|
2
Mˆ2ρ
+ ReD4
{[
1− 3(2− y)
2Mˆ2ρ
]
D∗5 −
[
1− 2− y
2Mˆ2ρ
]
D∗6
}
. (C13)
As before, the remaining form factors WˆRRi , and Wˆ
±
i , i = 1, . . . , 5, can be obtained
by means of Eqs. (B8) and (B9). Using Eq. (B10), we reproduce the results derived
by Boyd et al. [19] for the decay B¯ → D∗ lνl.
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APPENDIX D: AUXILIARY FUNCTIONS
α1(sˆ) = |I1(sˆ)|2 +
∣∣∣∣c10 V (sˆ)
1 + Mˆρ
∣∣∣∣2 , (D1)
α2(sˆ) = |I2(sˆ)|2 +
∣∣∣∣c10A1(sˆ)
∣∣∣∣2 , (D2)
α3(sˆ) = |I3(sˆ)|2 +
∣∣∣∣c10A2(sˆ)
∣∣∣∣2 , (D3)
α4(sˆ) = I2(sˆ)I
∗
3 (sˆ) + |c10|2A1(sˆ)A∗2(sˆ) , (D4)
α5(sˆ) = −2 |V (sˆ)|
2
(1 + Mˆρ)2
λ(1, sˆ, Mˆ2ρ )− 3(1 + Mˆρ)2|A1(sˆ)|2
+
|A2(sˆ)|2
4Mˆ2ρ (1 + Mˆρ)
2
[
2(1 + Mˆ2ρ )− sˆ
]
λ(1, sˆ, Mˆ2ρ ) +
|A3(sˆ)− A0(sˆ)|2
sˆ
λ(1, sˆ, Mˆ2ρ )
+
1
2Mˆ2ρ
{
2Mˆρ
sˆ
Re
([
A2(sˆ)(1− Mˆρ)−A1(sˆ)(1 + Mˆρ)
][
A∗3(sˆ)− A∗0(sˆ)
])
− ReA1(sˆ)A∗2(sˆ)
}
λ(1, sˆ, Mˆ2ρ ) , (D5)
where I1, . . . , I3 have been given in the preceding Appendix, Eqs. (C5)–(C7).
APPENDIX E: B¯ → Xs,d l
+l− FORM FACTORS
The differential decay rate for the inclusive reaction B¯ → Xq l+l−, q = s or d,
may be written as
dΓ(B¯ → Xq l+l−)
dsˆ dy d cos θ
=
G2Fm
5
bα
2
210π6
|VtbV ∗tq|2 λ1/2(1, sˆ, mˆ2q)
√
1− 4mˆ
2
l
sˆ
∑
s+,s−
Im Tˆ (s+, s−; sˆ, y, cos θ), (E1)
where the expression for Tˆ is given by the {· · ·} term in Eq. (2.2), with the replace-
ment Wˆi → Tˆi, and the scaled variables
pˆi =
pi
mb
, mˆi =
mi
mb
, sˆ ≡ qˆ2 = (pˆ+ + pˆ−)2, vµ ≡ pˆµb , y = 2v · qˆ . (E2)
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The form factors Tˆi, i = 1, . . . , 5, are defined through the time-ordered product
4
TˆLLµν ≡ i
∫
d4x e−iq·x〈B¯|T
{
[G(x)−H(x)]†µ, [G(0)−H(0)]ν
}
|B¯〉
= −gµν TˆLL1 + vµvν TˆLL2 − iǫµναβvαqˆβTˆLL3 + qˆµqˆνTˆLL4 + (qˆµvν + qˆνvµ)TˆLL5 ,
(E3)
TˆRRµν = Tˆ
LL
µν (H → −H, TˆLLi → TˆRRi ) , (E4)
TˆLRµν ≡ i
∫
d4x e−iq·x〈B¯|T
{
[G(x)−H(x)]†µ, [G(0) +H(0)]ν
}
|B¯〉
= −gµνTˆLR1 + vµvνTˆLR2 − iǫµναβvαqˆβTˆLR3 + qˆµqˆνTˆLR4 + (qˆµvν + qˆνvµ)TˆLR5 ,
(E5)
TˆRLµν = Tˆ
LR
µν (H → −H, TˆLRi → TˆRLi ) , (E6)
where G and H have already been defined in Eqs. (2.11) and (2.12) respectively.
Defining
TˆL±Ri ≡ TˆLLi ± TˆRRi , (E7)
so that
Tˆ+i = Tˆ
L+R
i
(
|c10|2 → −|c10|2
)
, Tˆ−i = Tˆ
L−R
i
(
ceff7 = 0,Re c
eff
9 → iIm ceff9
)
, (E8)
we obtain the form factors of the parton model reaction b→ q l+l−
TˆL+R1 =
1
(y − y0 − iǫ)
{−4|ceff7 |2
sˆ2
[
6mˆ2q sˆ + 2sˆ− y(1 + mˆ2q)(y − sˆ)
]
− 4Re (ceff7 ceff9 )
[
2− y(1− mˆ2q)
1
sˆ
]
+ (|ceff9 |2 + |c10|2)(2− y)
}
, (E9)
TˆL−R1 =
1
(y − y0 − iǫ)
{
4ceff7 c10
[
2− y(1− mˆ2q)
1
sˆ
]
− 2Re (ceff9 c10)(2− y)
}
,
(E10)
TˆL+R2 =
1
(y − y0 − iǫ)
{
− 16|ceff7 |2(1 + mˆ2q)
1
sˆ
+ 4(|ceff9 |2 + |c10|2)
}
, (E11)
4It should be noted that the time-ordered product can be expanded in powers of 1/mb, using
methods described in Ref. [20].
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TˆL−R2 =
1
(y − y0 − iǫ)
{
− 8Re (ceff9 c10)
}
, (E12)
TˆL+R3 =
1
(y − y0 − iǫ)
{
8|ceff7 |2
sˆ2
(y − sˆ)(1− mˆ2q) + 8Re (ceff7 ceff9 )(1 + mˆ2q)
1
sˆ
+ 2(|ceff9 |2 + |c10|2)
}
, (E13)
TˆL−R3 =
1
(y − y0 − iǫ)
{
− 8ceff7 c10(1 + mˆ2q)
1
sˆ
− 4Re (ceff9 c10)
}
, (E14)
TˆL+R4 =
1
(y − y0 − iǫ)
{−4|ceff7 |2
sˆ2
[
2(1 + 3mˆ2q) + y(1 + mˆ
2
q)
]
− 8Re (ceff7 ceff9 )
1
sˆ
}
,
(E15)
TˆL+R5
=
1
(y − y0 − iǫ)
{
8|ceff7 |2
sˆ2
y(1 + mˆ2q) + 4Re (c
eff
7 c
eff
9 )(1− mˆ2q)
1
sˆ
− 2(|ceff9 |2 + |c10|2)
}
,
(E16)
TˆL−R5 =
1
(y − y0 − iǫ)
{
− 4ceff7 c10(1− mˆ2q)
1
sˆ
+ 4Re (ceff9 c10)
}
, (E17)
with y0 = 1+ sˆ− mˆ2q . The imaginary part Im Tˆi(sˆ, y) is then obtained by the formal
replacement
1
y − y0 − iǫ −−→ πδ(y − y0) . (E18)
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FIGURE CAPTIONS
Figure 1 Differential branching ratio as a function of
√
sˆ, sˆ ≡ q2/M2B, for the decay
B¯ → π e+e− using the form factors of Ref. [6] (a) and Ref. [11] (b), including
ρ, ω, and J/ψ, ψ′ etc. resonances (solid curve), and choosing the Wolfenstein
parameters to be (ρ, η) = (−0.07, 0.34). The dashed line corresponds to the
nonresonant invariant mass spectrum.
Figure 2 CP -violating partial width asymmetry in the decays B¯ → π e+e− and B →
π¯ e+e− as a function of
√
sˆ for (ρ, η) = (−0.07, 0.34), including ρ, ω, and J/ψ
resonances. Although we use form factors from two different models (Refs. [6]
and [11]), the distributions are indistinguishable.
Figure 3 Differential branching ratio vs
√
sˆ for the B¯ → ρ e+e− transition, using form
factors of Colangelo et al. [6] (a) and Melikhov and Nikitin [11] (b) (see foot-
note 3). The dashed line represents the nonresonant invariant mass spectrum,
whereas the solid line corresponds to the mass spectrum including the effects
of ρ, ω, and J/ψ resonances. The Wolfenstein parameters are chosen to be
(ρ, η) = (−0.07, 0.34).
Figure 4 CP -violating partial width asymmetry in the exclusive channels B¯ → ρ e+e−
and B → ρ¯ e+e− for (ρ, η) = (−0.07, 0.34), using the two form factor models
as in Fig. 3.
Figure 5 CP -violating partial width asymmetry in the inclusive decays B¯ → Xd e+e−
and B → Xd¯ e+e− for (ρ, η) = (−0.07, 0.34).
Figure 6 Forward-backward asymmetry of e− in the e+e− centre-of-mass system in the
decay B¯ → ρ e+e− as a function of√sˆ, including the effects of resonances (solid
curve). Diagrams (a) and (b) correspond to two different form factor models,
as described in the text. We also show, for comparison, the nonresonant
distribution (dashed line).
Figure 7 Forward-backward asymmetry AFB vs
√
sˆ in the inclusive decay B¯ → Xd e+e−.
The dashed line represents the nonresonant spectrum.
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Figure 8 The CP -violating difference δFB ≡ AFB − A¯FB for (ρ, η) = (−0.07, 0.5) (solid
line), and (ρ, η) = (−0.07, 0.2) (dashed line), as a function of √sˆ, neglecting
the effects of resonances. Figs. (a) and (b) correspond to the form factors of
Colangelo et al. [6] and Melikhov and Nikitin [11] respectively.
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